Abstract. In Latvia, renewable energy occupies more than 30 % in the primary energy balance, since wood, including firewood, wood chips, wood waste, briquettes, pellets, and hydro resources are two most frequently used forms of renewable energy. Fuelwood is the most common form of renewable energy resources, and its share in total energy consumption has increased from 23.4 % in 2010 to ca. 28.2 % in 2015. The research aim is to analyse the production, consumption and trade of fuelwood based on the forecasts for fuelwood consumption by 2020. Various forecasts show the maximum demand for fuelwood in 2019 amounting to 6.8 million m 3 with a minor decline in the following year to 6.3 million m 3 ; however, the present research demonstrates that the fuelwood consumption decreases from 2015 and following the declining trend, the demand for fuelwood could be even smaller than forecasted. The research reflects that total fuelwood consumption in 2014 has increased by 4.65 % compared with 2013 due to the increase in the share of fuelwood consumption both by households and transformation sector generating heat and electricity, while in 2015 it has dropped by 8.1 %. The main consumers of fuelwood are households, mostly using wood (54 % on average). In 2014, consumption of fuelwood share of households was 44.6 %, while in 2015 it was 38.2 %. The major export markets for Latvian timber products are the UK, Germany, Sweden and Estonia. In the first half of 2015, fuelwood amounted for 13 % of forest industry exports. However, the structure of timber product exports has undergone considerable changes: before the 2008 crisis particular exports were related to construction products export like timber, though during the crisis period, the share of fuelwood exports increased with the decrease of the demand and production of timber. This is mainly due to the improvement and growth of timber enterprise technological capabilities and production capacities. The large share of wood and its products exports contributed to the economic recovery in the post-crisis period.
Introduction
The European Union is striving to become a global leader in the use of renewable energy due to its ambitious policies and advanced businesses. In 2014, renewable energy sources powered almost 15.5 % of the EU energy sector; thus supplying 78 million Europeans with energy [1] . The EU's Renewable Energy Directive has set a target to consume 20 % of final energy from renewable sources by 2020. Therefore, the EU Member States have undertaken their own commitments to achieve the national renewable targets, which range between 10 % in Malta and 49 % in Sweden [2] . In 2015, approximately 27 % of the EU's electricity was generated by renewable energy sources, and it is forecasted to achieve 50 % by 2030. Consistent with Annex I(A) of the Directive 2009/28/EC, Latvia has advanced a comprehensive objective to increase the share of energy produced from renewables in the gross final energy consumption from 32.6 % in 2005 to 40 % in 2020 [3] .
Romeo and Santos have admitted that renewable energies are the only sources that would have a durable future in Europe, since the generation of renewable energy may help considerably reduce the CO 2 emissions [4] . Renewable energy resources are potentially significant as they can outpace the world's energy demand; thus, these energy resources will occupy an essential share in the future global energy portfolio [5] .
Several researchers have recognised that Latvia's energy consumption is provided from local energy resources and the import of primary resources from Russia, the CIS countries, Estonia, Lithuania and other EU Member States. Presently, oil products, natural gas and fuelwood constituting approximately equal proportions are the three types of energy resources, which dominate in the delivery of Latvia's primary resources [6] . Similar conclusions are made by Melece and Krievina (2015) stating that "the fuelwood is the main source of biomass in Latvia and its share, especially of wood pellets, is growing in renewable energy". At the same time, the researchers indicate on the increase of the fuelwood production indicating to limited consumption due to fuelwood, particularly wood pellets, exports [7] . In addition, the researchers have identified a contradiction between the practice applied in Latvia and other EU Member States having high potential of wood resources, for example, Finland and Sweden [7] . DOI: 10.22616/ERDev2017.16.N335
The present research is aimed to analyse the production, consumption and trade of fuelwood based on the forecasts for fuelwood consumption by 2020. The following research tasks are advanced to achieve the research aim: 1) to study the basic figures for the fuelwood output and consumption; and 2) to provide an insight into the forecasts related with the fuelwood production and consumption. According to the definitions of the Joint Forest Sector Questionnaire, fuelwood is roundwood "used as fuel for cooking, heating or power production". In general, fuelwood includes "wood harvested from main stems, branches and other parts of trees and wood that is used for charcoal production. It also includes wood chips to be used for fuel that are made directly from roundwood and it excludes wood charcoal" [8] .
Materials and methods
The information of the Central Statistical Bureau of Latvia, the Ministry of Agriculture, regulatory enactments of the European Commission and the Republic of Latvia, scientific publications of foreign and national researchers, and other materials were used for the purpose of the study. The research is based on the appropriately selected methods: monographic descriptive method, methods of analysis and synthesis, data grouping, logical and constructional methods.
The research authors have applied the following recalculation coefficients to compute comparable statistical indicators: 1 solid m 3 = 0.4 m 3 , 1 solid m 3 = 0.69 t, 1 loose m 3 = 0.28 t [9] .
Results and discussion
The forest resources themselves and their use as energy resource have historically been a driving force for the socio-economic development of Latvia. In general, forestry has been one of the basic sources of employment and income generation for the whole country. Therefore, timber and other wood products may be considered as one of the most significant renewable natural resources in Latvia. The application of renewable resources greatly depend on the technologies and substitution of conventional forestry products like firewood and wood chips with the products that require less production, transportation and storage costs [10] . Figure 1 shows that the generation of energy wood is possible within the entire wood processing stages, i.e. from forestry scraps to the secondary utilisation of timber as fuelwood. Wood utilisation starts from wood resources in the forest following through several stages of processing, i.e. primary, further and secondary ones. An effective utilisation of raw materials is ensured by an efficient use of all forestry by-products and scraps [10] . Fuelwood may be obtained in almost all wood-processing cycles as it includes firewood, wood wastes, wood chips, wood briquettes and pelleted wood -obtaining of firewood from wood resources and processing into energy source (Stage 1); after that wood products may be transported for further processing (Stage 2); then used for consumption (waste, chips) or after the secondary processing used as energy source (Stages 3 and 4).
In Latvia, renewable energy occupies more than 30 % in the primary energy balance, since wood, including firewood, wood chips, wood waste, briquettes, pellets, and hydro resources are two most frequently used forms of renewable energy [12] . In the first half of 2015, fuelwood amounted for 13 % of forest industry exports. However, the structure of timber product exports has undergone considerable changes: before the 2008 crisis particular exports were related to construction products export like timber, though during the crisis period, the share of fuelwood exports increased with the decrease of the demand and production of timber. This is mainly due to the improvement and growth of timber enterprise technological capabilities and production capacities. The large share of wood and its products exports contributed to the economic recovery in the post-crisis period [12] . Both historically and nowadays, the energy sector is the largest wood consumer due to the necessity to ensure heat for production and population leading to the analysis of the fuelwood production and consumption volumes (Fig. 2) . In Latvia, the annually available traditional fuelwood volumes (firewood, wood briquettes, wood chips, and other wood waste) fluctuate around 9.4 million m 3 . The highest peak in fuelwood production was reached in 2014, when it increased by 1.35 million m 3 or 15.1 % compared with the previous year; thus, amounting to 10.33 million m 3 . The largest volumes of fuelwood consumption are also observed in 2014, i.e. 7.67 million m 3 . Traditionally, the annual fuelwood consumption fluctuates around 7.1 million m 3 , the rest of fuelwood volume is exported. In 2012, the fuelwood consumption increased by 0.64 million m 3 or 9.54 % compared with 2011. The increase relates with a number of fuelwood use projects, some of the major projects being in Ventspils, Liepaja and Jelgava city district heating systems which were reoriented of gas and fuel oil to fuelwood chips as well as the initiation of a new chip manufacturing project and processing plant for modernisation of the energy sector. Despite such an impressive project implementation, Latvia still has large stocks of fuelwood for domestic energy. The growing domestic consumption partially reduced the fuelwood volume available for exports; nevertheless, the fuelwood exports maintained a significant volume (Fig. 3) . In 2015, Latvia exported 2.9 million m 3 of fuelwood, where pelleted wood and wood chips accounted for 52.77 % and 33.71 % respectively. In addition, exports include wood wastes, firewood and wood briquettes. This volume of exports is the highest one during the analysed period and it may relate with a sharp decline in the fuelwood consumption (decrease by 8.06 % compared with 2014). At the same time, imports have grown by 69.5 % compared with the previous year. The major export markets for Latvian timber products are the UK (in 2015 -19.6 % of the total timber export, excluding furniture), Germany (10.6 %), Sweden (9.4 %) and Estonia (6.3 %). In the first half of 2015, fuelwood amounted for 13 % of forest industry exports [13] .
Wood chips and sawdust are the major imported fuelwood products from Lithuania, Estonia, Belarus and Russia. This relates with the comparatively low share of wood chips and wood briquettes in total volumes of fuelwood production (Fig. 4) . The analysis of fuelwood production by its types shows that firewood occupies the largest share in total fuelwood production; however, it has decreased from 65 % to 35 % during the analysed period. The increase in the share of wood chips (from 16 % to 26 %) and pelleted wood (from 6.6 % to 23 %) mainly explain the change in the structure of fuelwood production.
The changes in production and consequently in export and import volumes greatly coincide with the changes in consumption of energy resources including both renewable and non-renewable resources (Table 1) . Over the period 2010-2015, the gross consumption of fuelwood has grown by 15.35 %, thus amounting to 52.6 PJ. In 2015, the share of fuelwood in the total energy consumption was 28.43 %, i.e. by 1.59 percentage points less compared with the previous year, when it reached the maximum value -30.02 %. According to the Central Statistical Bureau, in 2015, Latvia's exports of fuelwood reached 33.7 PJ, which accounted for 11.1 % more than in 2014 [14] . This means that the amount of produced wood pellets and wood chips increased by 14.1 % and 8.4 % respectively. In 2015, Latvia's exports of wood pellets accounted for 28.0 PJ or 20.4 % more than in 2014. Nevertheless, oil products occupy the largest share of consumed energy resources in Latvia, only then followed by fuelwood and natural gas.
The household sector is still the major fuelwood consumer; though, its share has decreased by 29.5 percentage points during the period of eight years, thus, constituting 38.2 % of the gross consumption of fuelwood in 2015. The consumption of fuelwood in the industry and construction sector has increased 2.74 times compared with the base year 2008; thus, accounting for 29.3 % of the gross consumption of fuelwood in this sector in the latest year of analysis, i.e., the year 2015 (Fig. 5) . The growth in the share of industry and construction is logic, as fuelwood is the most competitive energy resources in heat production sector.
Various forecasts show the maximum demand for fuelwood in 2019 amounting to 6.8 million m 3 with a minor decline in the following year to 6.3 million m 3 [15] . The present research demonstrates that the fuelwood consumption decreases from 2015 and following the declining trend, the demand for fuelwood could be even smaller than forecasted. However, the situation of fuelwood market may change due to different factors, the primary factor being the expansion of fuelwood use in the industrial sector.
Conclusions
1. In Latvia, renewable energy occupies more than 30 % in the primary energy balance, since wood, including firewood, wood chips, wood waste, briquettes, pellets, and hydro resources are two most frequently used forms of renewable energy. 2. The annually available traditional fuelwood volumes fluctuate around 9.4 million m 3 , reaching the highest peak in fuelwood production in 2014, while the annual fuelwood consumption fluctuates around 7.1 million m 3 , the rest of fuelwood volume is exported. The growing domestic consumption partially reduced the fuelwood volume available for exports; nevertheless, the fuelwood exports maintained an impressive volume. 3. The gross consumption of fuelwood has grown by 15.35 %, thus, amounting to 52.6 PJ over the period 2010-2015, namely, in 2015, the share of fuelwood in the total energy consumption was 28.43 %, i.e. by 1.59 percentage points less compared with the previous year, when it reached the maximum value -30.02 %. 4. The household sector is still the major fuelwood consumer; though, its share has decreased by 29.5 percentage points during the period of eight years; thus, constituting 38.2 % of the gross consumption of fuelwood in 2015.
